P Project Code Number 7300
T Order Number 306-62
<t
N
|
<
fg LASER  MATERIAL  STUDY

Final Report
TR 22 February 1965

By
Paul Maver [0 - == OF =0

HARD 202y

Prepared under Contract Nonr-3834(00)

for the Advanced Research Projecis Agency
and Office of Naval Research

by tastman Kodak Company,

Rochester, New York

ARGHIVE CuPY



BEST
AVAILABLE COPY



SECTION 1
SECTION 2

SECTION 3

TABLE OF

Table of Contents . . . .

List of Illustrations . .

Ab st ract . L] L] * L] L] L] *

Introduction . . . . .

GLASS DESCRIPTION . . . . .

EXPERIMENTAL PROCEDURE .

RESULTS AND CONCLUSIONS .

CONTENTS

Ne DDC

Page
by 000 8
R
|
2
cee 3
Cee. 12
. .. 1k

[1mm



n

N

LIST OF ILLUSTRATIONS

Prgpe

Transmittance 1 Wt. Percent Ndno2 in Borate
ThiCkneSS 5!nm . . . . . . . . . . . . . . . . . . . . . . . t

Transmittance 1 Wt. Percent Ndﬂ0< in Li-Silicnte
Thickness SMM . o o o o + ¢ o o o o o o o o o o o o o o o o [

Transmittance » Wi. Percent Nd,. O, in Barium Crown
3

Thickness SMM .+ « o o ¢ o o o o o o o o o o« o o« o s o o o g

Interferogram of 30.5 cm Rods Uslng 0328 A
I1lumination . . & o v v ¢ ¢ v o v v 0 e e e e e e e e G

Fluorescence Decay Characteristies . . . . . . . . . . . . 11

Schematic of Optical System Employed to Test
the Iaser Rods . . . . . L ] L L L . Ll * . . - . L ] . L ] 1.3

Laser Output as Function of Electrical Input to
Flashtube., No Output Mirror, End Reflectance of
GlASS 5% + v ¢ 4 ¢ ¢ 4 4 e e 4 4 s e e e e e e e e e .. 15

Laser Output as Function of Electrical Input to
Flashtube. Output Mirror Reflectance 30% . . +. « « « « . . 10

iaser Output as Function of Electrical Input to
Flashtube., Output Mirror Reflectance 70% . . . . . . . . . 17

Field Patterns Recorded 288 em 1rom Output Mirror
of Laser Cavity . . v v v v 4 v e 4 e e e e e e e e e e .. 18

ii



b g

ABSTRACT

A coriticel comperison of three types of necdymium doped
leser glass has been conducted. The glasses were chosen because of
their widely differing fluorescence characteristics. The three con-
sisted of & lenthanum-barium borste, & lithium-sodium silicate, cnd &
barium crown.

The glasses were fabricated into rods, 1.27 cm dismeter
and 30.5 cm long. Fluorescence decay date, optical quelity dats,
output-input data and output field petterns, are included in the
report.,

The fluorescence characteristics were less significant
than opticel quality as & determinent in laser behavior.

This work concludes contract Zonr-3834(00) Order Number
306-52, Project Code Number 7300. Reference should be made to the
four previous semi-annual technical reports, covering the pericd
July 1, 1962 to June 30, 196k.

Key Words
Laser, Neodymium, Glass, Efficiency, Coherence
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INTRODUCTION

The bulk of the Eastman Kodak effort under this contract was
conducted between July 1962 and June 1963. During this period & multi-
plicity of glasses and several different rere earth dcpings were evaluated
for potential laser performance. A modification of one of our rare esrth
borate optical glesses, designated ND-10, wes made available commercislly
in finished rod form in the fail of 1962, A lithium silicate developed
entirely as a result c¢” the contract has since been introduced as a
commercial product under the designstion ND-11. In addition, ytterbium
doped borate, YB-20, whose development hes been partially funded by this
contract, is now-commercially evailsble.

A technique has been developed under this contrect for experi-
mentally determining the amplification coefficient of excited neodymium
doped gless. This work was published as a letter to the editor of AFPLIED
OPTICS, *n March 196k,

This report contains the finel data obtained on three laser
rods of similar geometry and absorption but with differing fluorescence
lifetimes.




SECTION 1
GLASS DESCRIPTION

The terminel effort of thls contract hes beer tc evaluate
the leser performsnce of three gless compositions. These compositions
heve been chosen by virtue of their different capabilities in influencing
the fluorescence properties of the active neodymium doping ‘ons. A
descripticn of these three compositions follows:

I. Borate - A simple ternary composition consisting of
barium, lentherum, snd boric oxides. Glasses in this system are charac-
terized by modest thermsl expansion, very low viscosity at high tempera-
tures, and e limited working renge. The dominant structural unit is e
boron atom surroundsd by either three or four oxygen atoms. The three
coordinated boron hes & higher frequency infrared eabsorption, and msy be
responsible for the capability of borute glasses to "quench" neodymium
flucrescence. This "quenching" in a high boric oxide gless smounts to
about 80%, 1.e., the total fluorescence output is 20% or less of thet of
& cowmperably excited pure silicate gless,

II. Lithium Silicete - A composition of pure silica glass
with lerge amounts of lithium end sodium oxides as modifiers, together
with some barium, strontium, end lanthenum oxides to complicate the
structure and to improve the glass forming properties, The thermel ex-
pinsion is relatively high, the viscosity 1s low at high temperatures,
and the slope of the viscosity-temperature curve is less than that of
the borate, resulting in a lower annealing temperature. The incorpore-
tion of lerge smounts of lithium tends to polarize the oxygen ions in
the glass which in turn exert asymmetric fields on the neodymium doping
lons. These asymmetric field. ellow relaxation of the selection rules
which forbid radistive trsnsitions between the nesdymium energy levels,
The result 1s s comparatively short fluorescence lifetime, and & high
fluorescence efficiency. The high fluorescence efficiency is relsted
also to the lack of components in the glass which have high frequency
phonon modes cavable of draining off the encrgy stored in neodymium.

IIT. Barium Crown - A silicate glass incorporating Primerily
potassium and barium molifiers with s high moler proportion of silica.
The large potessium end barium ions do not have a strong polarizing
effect on the oxygen in the gless, consequently the ligand field of the
neodymium ions is wesker and more symmetrical. The long fluorescence
lifetime observed results from this symmetry. Due to the high silica
content, this gless hes h’gh viscosity at high temperatures., This mekes
it difficult to properly stir the ingredierts during the manufacture of
the glass, resulting in en inhomogeneous index of refrection.

In the fabricetion of all these glasses, an effort has been
made to use the purest commercially aveilable chemicals, particulsrly
with regerd to iron. The borete gless hes the highest purity in this
respect since high purity boric oxide 1is readily aveilable., Our estim-
ate of total iron content in the borate is less than 2 parts per
million. Both silicates, however, contain sbout 20 perts per million




g‘ ‘. l " ‘Iw

1

H}

e

Py pumy ey

D S oty S

iron, due to the difficulty »f obtaining high purity silica. Since

the test samples evsluated in this report were made, we have beepn able

to significantly reduce the iron content of silica, so that our commercial
sllicate luser gless is somewhst better in this regard.

Teble 1 1lists some chemical and physical characteristics of
these glasses, where known. The barium crown was made for our use by an
outside vendor, so many of its properties aie unavailable. Absorption
spectra for 5 millimeter thicknesses of the three glasses are presented
in Figures 1, 2, end 3. Although the various absor-tion lines vary in
relative intensity, the totsl absorption for the thrze glasses is quite
compsrable. It should be noted that to achieve this, it was necessary to
use twice the weight percentage of neodymium in the berium crown as in the
otner two formulations. ’

Figure 4 indicates the reletive optical quality of tle three
glaesses tested. A 6328A° gas leser interferometer produced the fringes
which represent interferenc: between light reflected :'rom one end of the
rod, and that vhich is trensmitted by the rod, reflected by the other end,
end trensmitted back through the rod to the front surface. The fringes
observed in the borate and 1ithium silicate were deliberately introduced
by bending the rods. Those in the barium crown are difficult to see
clesrly due to the pronounced strise in the glass. The fine fringes are
instrumentel and should be disregarded.
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